Abstract: How to compensate highway construction contractors is a complex decision that should be taken based on scientific evidence. Four different multi-criteria decision making methods, i.e., the multi-attribute utility theory, the technique for order preference by similarity to ideal situation, the preference ranking organisation method for enriched evaluation (PROMETHEE) and the PROMETHEE group decision support system method were applied to two case study projects with different characteristics and awarding authorities' (AAs') needs in order to choose between seven different contract type based on nine selection criteria. The results highlight the need to establish the availability of new CTs in the public works law in Greece and showed that all methods have the potential to become decision support systems that can be employed for improving objectivity in this decision making process as if the project characteristics and AA's needs are properly defined at the onset.
Introduction
For all awarding authorities (AA), the management of public infrastructures construction projects within funding, schedule and cost efficiency constraints is the utmost important goal. The contractual relationship that is the most expensive is that between the AA and the construction contractor. The contractor selection procedure, including the choice of method of compensation via the most appropriate contract type (CT) plays a significant role in achieving the AA's goal. For this reason, it is proposed that the selection of CT, should be the result of systematic and scientific evaluation of the alternatives and should not be made only according to legal constraints, political conditions and past experience of the decision making stakeholders (Antoniou et al., 2013a) .
Procurement practice in Greece, on the part of AA, is defined in the Greek public works law (PWL), where the content of the contractors' bids are specifically defined. Based on the Greek PWL, the majority of highway projects in Greece implement the unit price method (UPM) where the contractor is paid based on the sum product of the measured quantities of completed work multiplied by the agreed unit rates. In addition, it also provides the option to apply a lump sum fixed price (LSFP) CT for the completion of part or the total project. The latter is normally associated with the design and build procurement system. In addition, Greek PWL provides for the enforcement of a penalty in the case of a delay of completion that is due to the fault of the contractor and allows for the possibility to provide a bonus for early completion. There is also the possibility to employ a cost plus percentage fee (CPPF) contract only in specific cases but the percentage fee cannot be more than 18%. The Greek PWL also specifically defines under which circumstances each alterative is permitted thus hindering flexibility in the AA decision making process (Antoniou et al., 2012) . Recently, the PWL has been modified to allow for more contract award criteria apart from financial offer, such as offer on construction duration or maintenance period duration. (L. 4412/2016) . It is therefore considered worth investigating the implementation of other CTs, used around the world, in the procurement of highway projects in Greece.
Since the late 1980s early 1990s the importance of choosing the most appropriate CT has been evident in the construction industry (Veld and Peeters, 1989; Ward and Chapman, 1995) . Highway construction projects are multidisciplinary projects. The project stakeholders are people with very different background and objectives. Ojo et al. (2011) , highlight the complexity of construction projects because they bring together professionals within the building industry to form an organisational team to acquire the building. Due to the complexity and the interdisciplinary nature of the highway project it is impossible to consider them repetitive. Therefore, a statistical evaluation to determine if any correlations exist between CTs employed in other highway projects and measurable success factors, even if this information was available, would not provide representative and conclusive results. While AAs tend to base their decision on choice of CT on their past experience, legal constraints and political views they inherently consider basic selection criteria (SC) regarding the project's characteristics and their needs. After defining the relevant SC the performance of each CT against each selection criterion needs to be rated in order for any multi-criteria decision making (MCDM) method to be implemented.
The literature review showed that very little research work has been carried out that involves the use of MCDM methods for choosing CTs for construction projects in general and none for highway projects. Taking into consideration the MCDM methods that have been employed for other decision making problems in the construction industry, four methods were chosen to be applied to the decision problem at hand, i.e., multi-attribute utility theory (MAUT), technique for order preference by similarity to ideal situation (TOPSIS) and preference ranking organisation method for enriched evaluation (PROMETHEE) as well as the PROMETHEE GDSS method for obtaining relevant group decisions amongst 14 chosen experts.
From the comparative evaluation of the four MCDM methods that were applied to the two pilot projects, with different characteristics and AA's needs, it is derived that all are practical and applicable as long as the project characteristics and AA's needs are properly defined at the onset. All the suggested methodologies have the potential to become decision support systems that can be employed by AA for the systemisation of the CT decision making process. In any case, the use of any MCDM method for the choice of appropriate contract for highway projects can become a tool for the objective verification of relevant decisions which are normally taken based on the experience and habits of each AA.
The most important conclusion derived from this research work is that the UPM CT, which is employed in the majority of highway projects in Greece, did not emerge as the prevailing CT to be chosen for either of the pilot projects. For this reason, it is suggested that AAs should be allowed to choose between more CT options, including CPFF, CPI, FPI in addition to the UPM and LSFP CTs, which are utilised by AA and also the CTs CPPF and ID/T for which there is currently such provision in Greek PWL but are not broadly used for highway projects.
Literature review

Multi-criteria decision making
Decision making is relatively simple when considering single criterion problems, since we only need to choose the alternative with the highest rating of the unique selection criterion. However, when evaluation of alternatives against multiple criteria is required in order to come to a decision, many problems, such as weights of criteria, preference dependence, and conflicts among criteria, seem to complicate the problems and need to be overcome by more sophisticated methods (Tzeng and Huang, 2011) .
According to Tzeng and Huang (2011) , the onset of this research field can be traced back to 1738 when Daniel Bernoulli (1700-1782) published his utility theory according to which humans make decisions based not on the expected value provided by each alternative but on its utility value. The implication of the utility value is that humans choose the alternative with the highest utility value when confronting the MCDM problem.
Based on Bernoulli's utility theory, the MAUΤ defines the preferences of the decision maker that are usually depicted as a hierarchy by implementing a relevant utility function. This method is criticised because it relies on preferential independence, i.e., the rating of one alternative against one criterion does not affect the rating of the same alternative against another criterion (Ishizaka and Nemery, 2013; Tzeng and Huang, 2011) as it is considered that in reality SC overlap.
Instead of building complex utility functions, outranking methods compare the preference relations among alternatives in order to determine the best alternative. Such methods are the ELECTRE group that were developed by Roy in France in 1968 and later the PROMETHEE method. There are other methods, such as Saaty's AHP and the MACBETH method where once again alternatives are compared two at a time. On the other hand, the TOPSIS method, calculates the smallest distance from the ideal solution, whereby the alternative with the smallest distance is chosen (Tzeng and Huang, 2011; Ishizaka and Nemery, 2013) . Ishizaka and Nemery (2013) , rank the MCDM methods into the following categories:
a Full aggregation approach (or US school) . A score is evaluated for each criterion and these are then synthesised into a global score. This approach assumes compensable scores, i.e., a bad score for one criterion is compensated for by a good score on another.
b Outranking approach (or French school) . A bad score may not be compensated for by a better score. The order of the options may be partial because the notion of incomparability is allowed. Two options may have the same score, but their behaviour may be different and therefore incomparable.
c Goal, aspiration or reference level approach. This approach defines a goal on each criterion, and then identifies the closest options to the ideal goal or reference level. Table 1 presents the categorisation of MCDM methods according to Ishizaka and Nemery (2013) including required inputs and related effort. 
MCDM in the construction industry
MCDM methods have been employed for decision making in construction industry for choosing between alternative project procurement systems (PPS), contractors, concessionaires, road construction and maintenance projects for investment and dispute resolution methods. For example the use of the MAUT was proposed repeatedly by Skitmore and Marsden (1988) , Franks (1990) , Love et al. (1998) , Chan et al. (2001) and Cheung et al. (2001a Cheung et al. ( , 2001b Cheung et al. ( , 2001c , for choosing the most appropriate PPS for building projects, each implementing different methods for weight calculation including AHP and the Delphi method. Others such as Alhazmi and McCaffer (2000) , Kumaraswamy and Dissanayaka (2001) , Al Khahil (2002) , Luu et al. (2003) , Mahdi and Alreshaid (2005) , Chan (2007) and Mostafavi and Karamouz (2010) applied other MCDM methods such as the AHP, fuzzy theory and artificial neural networks to the same problem. Reference has been made to the use of a wide range of MCDM methods in contract award procedures either for choosing shortlist candidates or for the award phase when award is based on multiple criteria. The most commonly employed method is the simple weighted additive method (Russel and Skibniewski, 1998; Shen et al., 2004) . Other researchers have implemented MAUΤ (Moselhi and Martinelli, 1990; Hatush and Skitmore, 1998; Lambropoulos, 2007 Lambropoulos, , 2013 , multi-attribute analysis (Lai et al., 2004) , program evaluation and review technique (Hatush and Skitmore, 1997) , cluster analysis (Holt, 1998) , analytical hierarchy process (AHP) (Mustafa and Ryan, 1990; Fong and Choi, 2000; Al-Subhi Al-Harbi, 2001; Anagnostopoulos et al., 2004; Cheng and Li, 2004; Topcu, 2004; Abudayyeh et al., 2007) , neural network theory in conjunction with fuzzy set theory ) and case-based reasoning (Ng and Skitmore, 1999) . In addition there have been suggestions for combinations of classic MCDM methods with fuzzy theory (Sonmez et al., 2002; Singh and Tiong, 2005) , the evidential reasoning approach (Sonmez et al., 2002) , graph theory and matrix methods (Darvish et al., 2009) , data envelopment analysis (McCabe et al., 2005) , multivariate analysis technique (Lam et al., 2005) , and recently the quality function deployment method by Jafari (2013) where the experience of the participants is evaluated according to the project needs.
The problem of awarding private-public partnership (PPP) contracts to the best concessionaire for construction of transport infrastructure in return for the right to operate them has interested researchers extensively. Ζhang (2004) classified the applied methods which included the simple scoring method, the net present value (NPV) method, the multi attribute analysis (MAA), the Kepner -Trefoe MCDM method, and combinations of the NPV and simple scoring methods. Zhang's (2004) MAA, included the grouping of SC in large categories (financial, technical, managerial, legal and environmental) .
A series of researchers have considered the use of MCDM when choosing between projects to invest in or bid for. For example, Tsamboulas et al. (1999) applied and compared five MCDM for the choice of large infrastructure projects for the Greek government to invest in. The methods applied were REGIME, ELECTRE (similar to PROMETHEE), MAUT, AHP and ADAM (similar to TOPSIS). In Italy, Nijkamp et al. (2002) utilised the REGIME method, the AHP and their model Flag taking into consideration 11 SC that were grouped into three categories (financial, accessibility and environment) for deciding between alternative alignments of a road project. On the other hand, the use of multiple objective linear programming and the TOPSIS method were utilised by Lam et al. (2001) and Taylan et al. (2014) for use by contractors when choosing between projects to bid for. In addition, Bayraktar and Hastak (2009) , recognise the need for a decision support system during the programming phase of road maintenance works regarding important work zone project variables such as work window, work zone length, lane closure strategy, and contract incentives on the cost, duration, quality, safety, and public satisfaction. Their proposed system for use by the Indiana Department of Transport includes the development Bayesian belief network module and a Monte Carlo simulation module. In the same direction is research carried out by Lu and Tolliver (2013) who use multi-objective linear programming optimisation model to enable pavement-management agencies to make network-level pavement preservation decisions based on conflicting objectives, namely, minimising costs and maximising pavement smoothness.
Choosing between alternative dispute resolution methods is another problem, within the construction industry to which MCDM methods have been applied. To this end, Cheung and Suen (2002) and Chan et al. (2006) applied MAUT by making use of the results of questionnaire surveys amongst experts for the evaluation of alternatives against defined SC in order to determine their marginal utility values. In the case of Cheung and Suen (2002) the marginal utility values were determined from the average rates from 13 experts while the SC weights were defined by one expert and two students for three building pilot projects. Similarly, Chan et al. (2006) considered the marginal utility values and SC weights according to the evaluations of 41 experts.
The literature review determined that even though the application of MCDM method is common in the construction industry in general, there are minimal references to the use of them for the deciding on CT for construction projects in general and none for highway projects. For this reason, the MCDM methods applied were chosen from each category as defined in Table 1 and with varying required effort input. The chosen methods were the MAUT, PROMETHEE and TOPSIS. In addition, the PROMETHEE GDSS method was employed for group decision making amongst 14 chosen experts.
Multi-attribute utility theory
The MAUT is considered as the cornerstone of the development of MCDM. According to Doumpos and Zopounidis (2004) the MAUT extends the traditional utility theory to the multidimensional case and all other MCDA approaches, either directly or indirectly, employ the concepts introduced by MAUT. This is due to the fact that they are based on the basic hypothesis that each decision maker, either consciously or subconsciously tries to maximise the function that adds the utility derived from each SC (Ishizaka and Nemery 2013) . The aim of the MAUT is to represent the preference of the decision maker by a global utility function U(g). The most common form of the global utility function is the additive utility function. The additive utility function is similar to the SAW model. In such models, the marginal utility values are linear functions for which all SC are independent, i.e., the rating given to an alternative against a given criterion does not affect its rating against another criterion. As a result, according to Tzeng and Huang (2011) and Ishizaka and Nemery (2013) the SAW model is a special case of the MAUT, where all marginal utility functions u i are linear. In this case the 'global utility' of a given alternative U k is given by equation (1).
where w i = the weight of importance given to each criterion and u i = marginal utility value of the alteratives against the particular criterion Finally, the chosen CT is the one that obtains the greatest global utility value U k . Love et al. (1998) stated that the use of this method for the selection of procurement system is the most appropriate while Wallenius et al. (2008) , who examined the range of application of the MAUT from 1968 to 2007, diagnosed that it has been widely applied in engineering in the form of the simple additive weighting (SAW) method.
TOPSIS
The TOPSIS method was initially proposed by Hwang and Yoon (1981) . The fundamental idea of TOPSIS is that the best solution is the one which has the shortest distance to the ideal solution and the furthest distance from the anti-ideal solution (Ishizaka and Nemery, 2013) . As a result the alternative options are rated according to their distance from the ideal solution.
The TOPSIS method requires only a minimal number of inputs from the user and its output is easy to understand. The only subjective parameters are the weights associated with the criteria. The TOPSIS method is based on five computation steps. The first step is the gathering of the performances of the alternatives on the different criteria. These performances need to be normalised in the second step if they are measured on different scales. The normalised scores are then weighted and the distances to an ideal and anti-ideal point are calculated. Finally, the closeness is given by the ratio of these distances.
The only applications of TOPSIS that were found that were applied by researchers to decision making problems in the construction industry were related to the choice or suppliers. In the exceptional analysis of the use of TOPSIS in practice that was carried out by Boran et al. (2009) , out of the total 266 published papers none referred to its use in the field of highway management.
PROMETHEE
The PROMETHEE method was proposed by Brans et al. (1986) and Brans and Vincke (1985) as a new outranking method for multi-attribute decision making (MADM). According to this method, like others of the same philosophy (ELECTRE, PRESTE, QUALIFEX κ.α.), initially dual outranking relations are setup for the representation of the decision makers preferences with pairwise comparisons against each criteria.
As a result PROMETHEE ranks the alternatives from best to worst based on the decision makers preferences. According to Ishizaka and Nemery (2013) , the method includes three main steps, i.e., the computation of preference degrees for every ordered pair of actions on each criterion, the computation of unicriterion flows and the computation of global flows. Based on the global flows, a ranking of the actions will be obtained since the PROMETHEE method is based on the computation of preference degrees. A preference degree is a score (between 0 and 1) which expresses how an alternative is preferred over another alternative, from the decision maker's point of view. A preference degree of 1 thus means a total or strong preference for one of the alternatives on the criterion considered. If there is no preference at all, then the preference degree is 0. On the other hand, if there is some preference but not a total preference, then the intensity will be somewhere between 0 and 1.
PROMETHEE has been used for selection of a leakage management strategy of water network alternative (Morais and de Almeida, 2007) , operating rules for urban water supply reservoir systems (Kodikara et al., 2010) , appropriate structural systems (Roozbahani et al., 2012) and construction equipment (Dagdeviren, 2008) .
PROMETHEE GDSS
Sometimes decisions have to be made by a group of people rather than a single person. Rarely do all the stakeholders of the problem requiring a decision have completely identical opinions and preferences with regard to the problem. In addition it is possible that not all decision makers have the same weight of importance in the final decision. The PROMETHEE GDSS (group decision support system) allows a group decision to be made by ranking alternative options (Macharis et al., 1998; Macharis et al., 1998; Ishizaka and Nemery, 2013) .
In order to do this, we assume that the group has agreed upon a set of alternatives and a set of criteria. These will not subsequently be altered by any decision maker. Every person acts, at first, as if he was the only decision maker and uses the PROMETHEE II method to score and rank each alternative of the decision problem. In a second phase, the individual rankings are aggregated into a group ranking.
To aggregate the individual rankings, each individual net flow ranking will be considered as a criterion of the group problem. In other words, in the second phase, each decision maker will act as a criterion of the group performance matrix. The evaluation of an action on a group criterion is equal to the net flows of that action in the individual ranking. Balali et al. (2014) proposed a hybrid application of ELECTRE and PROMETHEE AND PROMETHEE GDSS methods for the choice of structural configuration of a multi housing project.
Focus and requirements of the problem of choice of highway construction CT
Application of any MCDM method regarding the selection of CT, requires the definition of the project constraints and the decision maker's requirements. For this reason, two pilot projects were defined having quite different project characteristic and AA needs in order to examine the applicability of the chosen MCDM methods on different projects as well as the sensitivity of the method of criteria weight calculations. Each MCDM method utilised the resulting total sample mean or mode values of the ratings of each CT against each selection criterion. Three different approaches were considered for calculating SC weights based on the opinions of two experts.
Alternative CTs
An extensive international literature review was carried out in order to study and classify related research work and define the alternative CT's and the SC that should be considered when making the choice were determined The literature review determined that the seven most common CTs that have been employed abroad in the construction industry as defined in Table 2 . Detailed discussions on their advantages and disadvantages and usefulness from the point of view of the AAs, as observed by researchers, were published in Antoniou et al. (2013a) . Table 2 Contract types
Contract type Short description
Cost plus fixed fee (CPFF)
The owner reimburses the contractor for all audited costs and pays a fixed amount for the contractor's services.
Cost plus percentage fee (CPPF)
The owner reimburses the contractor for all audited costs and pays an additional percentage fee.
Cost plus incentive fee (CPIF)
All justified costs are paid but the final fee depends on the actual costs as compared to target cost, delivery and/or performance achievements.
Incentive/disincentive for time reduction (ID/T)
The contractor is paid in addition to the agreed payment method a bonus (incentive fee) if the project is completed earlier and pays a penalty (disincentive fee) if it is completed after.
Fixed price incentive (FPI)
The contractor is paid his actual costs in addition to an agreed upon fee while he guarantees that the total cost to the owner will not exceed maximum amount.
Lump sum/fixed price (LSFP)
The owner pays a fixed price to the contractor irrespective of the actual cost.
Unit price method (UPM)
The contractor commits to fixed prices for pre-specified units of material or work required for the project. Payment is the sum-product of the unit prices and the actual units used.
Definition of SC
This research work was the first that was orientated toward investigating and defining the SC that should be considered by AAs when deciding on the CT for highway construction projects. This was achieved by analysing evidence presented in the literature regarding the perceived advantages, disadvantages and usefulness of the alternative CTs. The criteria that were noted as important for project success as well as those that differentiate the CTs were considered and finally a series of SC chosen based on the frequency with which they appeared in the literature and which are related to the project characteristics and the Owner's needs as shown in Table 3 ( Antoniou et al., 2013a) . 
SC1 cost uncertainty
It is appropriate when it is difficult to estimate the final construction cost and the owner wishes to avoid the risk of cost escalation.
SC2 uncertainty of scope
It is appropriate when the technical characteristics of the project are not specifically defined.
SC3 process uncertainty
It is useful in situations where construction methodologies are unknown at start or are expected to be complex.
SC4 value for money
It provides the most efficient method for obtaining value for money.
SC5 criticality of schedule
It is appropriate when the duration of the contract is critical.
SC6 performance criticality
It provides incentive for excellent quality and avoids cutting corners.
SC7 availability of extra resources
It requires adequate staff in numbers and experience to supervise and/or manage the contract.
SC8 contractual difficulties
It is simple to implement and does not require specialised calculations.
SC9 claims
It reduces the number of claims expected.
Scoring of alternative CTs against SC
The questionnaire survey which was conducted during 2010-2012 collected 91 answers from project and contract management experts from all stakeholders in highway construction, such as designers, contractors, public authorities and funding managing authorities from Greece and abroad. The questionnaires were completed through interviews and e-mails and the resulting profile of the respondents was published in Antoniou et al. (2013a Antoniou et al. ( , 2013b . The experts rated each CT against each selection criterion based on the rating scale as explained in Table 3 . The data collected from the questionnaire were analysed using the Statistical Package for Social Science (SPSS v.19 ) with the ultimate aim to define appropriate performance evaluation of each CT against each criterion. The ratings, as completed by each participant, were transformed to a five-point Likert scale in order to allow a more comprehensive analysis of the results. Apart from calculating the descriptive statistical measures of the variables (mean, mode and frequencies), presented in Tables 4 and 5 , factor analyses were carried out to identify unobserved variables (factors) that explain patterns of correlations within the set of observed variables and concluded that in all the cases the grouping of SC change per CT according to the group in question hence confirming the independence of the SC (Antoniou et al., 2013b) . 
Description of the two pilot projects and their constraints
Pilot project 1 is a highway project for which all require technical designs have been completed but due to recent staff reductions in the public sector the supervising authority is understaffed. The project must be constructed and delivered in a very short period of time, in order to meet the deadline of the funding program and no cost escalation will be acceptable. The constraints posed for this project against the SC examined are presented in Table 6 where it is seen that SC that need to be maximised are those relating to time and cost characteristics of the project, i.e., SC1, SC4 and SC5. On the other hand, as it is clearly defined that all required definitive designs of the project are available, hence there is no uncertainty of scope and therefore the criterion SC2 should be minimised. Finally the AA's needs are specifically defined as it is stated that the supervising authority is understaffed, therefore a resulting CT that requires the availability of extra resources is not desirable and hence the SC7 should be minimised. In addition, in order to make supervision of the contract by an understaffed supervising authority easier, it is very important to maximise the SC 8 and 9, i.e., to go for a CT that is simple to implement, does not require specialised calculations and reduces the number of claims expected. In pilot project 2, a monumental bridge is planned to be built to cross the Thermaikos Gulf in Thessaloniki, Greece. The cost of the project has not been fixed at this stage as the design of the bridge has not been completed. The constraints posed for this project against the SC examined are presented in the Table 6 . Pilot project 2 defines the need to maximise SC based on the particular project characteristics. It is the cost and quality of the project which is crucial and in addition it is clearly defined that the definitive designs are not available. Therefore it is necessary to maximise the SC 2 as there is high uncertainty of scope. 
Weighting of SC
Three different approaches were considered for calculating criteria weights based on the opinions of two experts who were chosen between those Greek experts that participated in the questionnaire survey and had more than ten years experience in the Greek public service according to their availability and willingness to participate. The first implemented method by both experts was the revised Simos' method which involved ranking the SC in order of importance with the use of cards. The AHP of applying pairwise comparisons of SC to enhance objectivity was the second method employed where the two experts compared each selection criterion separately against all the remaining ones. Finally, the last method employed for calculation of the SC weights was goal programming, where by the goal of maximising the sum of all weights was set while taking into consideration the constraints decided by each Expert. From the comparison of the resulting weights, as shown in Tables 7 and 8 it is found that while the same weights per SC are not obtained, there is a general agreement on the importance ranking of SC.
Application of considered MCDM methods
Required inputs
The required inputs for each MCDM included the ratings of the seven alternative CTs against each of the nine SC, the SC weights and special parameters according to each MCDM method. The inputs taken into consideration for each method are the following:
1 The mean and mode values of the ratings of the 91 experts were used for the evaluations values (marginal utility values, performance) of the (seven) CT against the (nine) SC (Tables 4 and 5 ).
2 The SC weights were calculated according to the opinions of two experts using, the Rev. Simos' method, the AHP and goal programming (LINDO) ( Tables 7 and 8 ).
3 Special parameters for each method as follows: a Two groups of preference and indifference thresholds were used in the PROMETHE method. b The TOPSIS method was carried out using non, distributive and ideal normalised values of the performance ratings.
Application of MAUT
For the application of the MAUT, the marginal utility values (u i ) of each CT, against each selection criterion was taken as the mean or mode values of the ratings by all 91 experts. The weights per criterion and per project were derived with three methods, by two experts, as well as the average of all six sets. In summary, for each of seven CT against each of the nine SC, seven different set of weights (w ι ) were considered in the application of equation (1). As a result 2 × 7 = 14 applications of MAUT were carried out for the calculation the global utility values for each alternative CT for each project. The resulting choice of CT for project 1 according to the MAUT method is ID/T and the LSFP CTs as can be seen in rows 1 and 2 of Table 9 . On the other hand, the resulting choice of CT for project 2 according to the MAUT varies depending on method of weight calculation and use of mean or mode marginal utility values as can be seen in rows 1 and 2 of Table 10 .
Application of TOPSIS
For the application of the TOPSIS method, a series of decision tables were created that included the seven CTs and the nine SC, i.e., i = 1,…,9 (criteria) και a = 1,…7 (alternatives) with values of x ia the mean or mode values resulting from the ratings of each CT against each SC by the 91 experts. The following steps were carried out seven (weight sets) × 2 (mean or modes) × 3 (non, ideal and distributive normalisation) = 42 times for the selection of the most appropriate CT for each project in order to determine the CT with the smallest distance from the ideal solution. The TOPSIS procedure followed the following steps:
Step 1 Normalisation
As all ratings were on the same scale there is no need for normalisation. In any case for reasons of completeness both the mean ratings and the mode ratings were normalised (distributive and ideal) and as a result the calculations value sets for both, i.e., a non-normalised mean and mode values b distributive normalised mean and mode values according to equation ( Step 2 Weighting
This step takes into consideration the weights of each SC and the weighted normalised ratings table is obtained by multiplying the normalised ratings r ai or the non-normalised ratings x ia with the corresponding weights w i (v ai = w i * r ai ).
Step 3 Determination of ideal and anti-ideal solution
In each weighted normalised ratings Table 2 rows are added that show the values of the ideal and the anti-ideal solution. In most cases the ideal solution is the greatest weighted rating for each criterion while the anti-ideal is the least.
Only for the cases of SC 2 and SC 7 for pilot project 1 and SC 7 for pilot project 2 the opposite holds.
Step 4 Calculation of distances from the ideal and anti-ideal solution
For each alternative its distance from the ideal solution is calculated according to equation (4) and from the anti-ideal solution using equation. In both cases the Euclidean distance is used (L 2 ).
( )
Step 5 Calculation of the relative closeness coefficient
The last step is the calculation of the relative closeness coefficient Ca using equation (6).
The resulting choice of CT for project 1 according to the TOPSIS method is ID/T CT in almost all cases as can be seen in rows 8-13 of Table 9 . On the other hand, the resulting choice of CT for project 2 according to the TOPSIS method again varies between FPI, CPFF and LSFP depending on method of weight calculation, use of mean or mode performance values and method of normalisation as can be seen in row 8-13 of Table 10 .
Application of PROMETHEE
The PROMETHEE method, via the software Visual PROMETHEE v. 1.0.10.0 (2012) was applied for the two pilot projects. The mean and mode values of the ratings provided by the 91 experts were used as evaluation values g j (a i ) of each alternative CT (A = {a i | i = 1, 2,…, 7} against each SC g = {g j | j = 1, 2,…, 9}. The linear generalised criteria function was chosen for all criteria due to the nature of the evaluation values which were all ratings on the same scale. In addition, common preference and indifference thresholds of 1.0 and 0.5 were used in order to express that the difference of 1 on the 5 point scale is important while less than 0.5 difference is inconsequential. In order to check the sensitivity of the results, the whole process was repeated employing preference and indifference thresholds of 2.0 and 1.0 respectively. Finally, for each pilot project the seven sets of weights calculated in Tables 7 and 8 were applied in each case. The results provided by Visual PROMETHEE v.1.0.10.0 (2012) were published in Antoniou et al. (2015) and include the net, leaving and entering flow φ, φ+ and φ-for each alternative, ranked from best to worst net flow value for each examined case. Table 9 Results from application of MCDM methods for choice of CT for pilot project 1 The CT results obtained using PROMETHEE, as presented in rows 3-6 in Tables 9 and 10 seem to be less effected by the method of weight calculation than the TOPSIS and MAUT methods. On the other hand they are affected significantly by the preference and indifference thresholds defined especially when the mode values are used for performance values of each alternative against each criterion. The resulting choice of CT for project 1 according to the PROMETHE method is ID/T CT in almost all cases when the mean ratings are used and LSPF in most cases when the mode values are used as can be seen in rows 3 to 6 of Table 9 . On the other hand, the resulting choice of CT for project 2 according to the PROMETHE method again is the ID/T method when the mean values and the LSFP method when the modes are used (Table 10) .
Application of PROMETHEE GDSS
The first step in applying the PROMETHEE GDSS to the problem at hand was to choose the most experienced subgroup from the 91 experts that participated in the questionnaire survey whose opinion regarding choice of CT for the two case studies can be considered representative of expert opinion in Greece. Thirty-eight participants had fully completed the questionnaires by rating all CTs against all SC, without leaving out any ratings. From these 14 Greek experts were chosen that had more than ten years experience in public works and experience in project management. The chosen expert group was considered to have significant experience in all facets of project management of highway projects in Greece. The results from their participation in the application of PROMETHEE GDSS was considered a bench mark for comparison between the results obtained from the other four MCDM applied, as it was the only MCDM based on a group decision rather than the decisions resulting from MCDM based on the resulting ratings of each CT against each selection criterion from the 91 experts and the selection criterion weightings as defined from a single decision maker each time.
Before the implementation of the PROMETHEE GDSS, the null hypothesis that μ d = 0, where μ d is the difference between the average ratings of the 14 experts and the 91 expert, was tested per variable (rating of each CT against each SC) using the t-statistic [equation (7)]. Where differences were found the r value was calculated [equation (8)] in order to determine the importance of the discrepancy.
In order to apply the PROMETHEE GDSS method the actual values of the ratings provided by the 14 chosen experts were used as evaluation values g j (a i ) of each alternative CT (A = {a i | i = 1, 2,…, 7} against each SC g = {g j | j = 1, 2,…, 9} while the preference parameters applied were, the linear generalised criteria function, preference threshold Q = 0.5, indifference thresholds P = 1.0 as well as the seven weight groups from Tables 7 and 8. In the second phase, the resulting net flows per CT for each of the 14 experts were taken as equal in weight, while the preference and indifference values were taken as (Q = 0.001, P = 0.01) because it was considered that even small differences between the chosen experts are significant.
The results of the application of the PROMETHEE GDSS that are presented in row seven of Tables 9 and 10 are of significant importance as they are directly a result of the opinions of 14 specialists in the field of highway project management in Greece. In particular, for the pilot projects examined, the ID/T CT is chosen for the highway project while, the relatively unknown FPI CT, in Greek construction industry, was chosen for the monumental bridge project. The fact that the resulting CTs were not the most commonly employed CTs in Greece, i.e., the UPM or LSFP CT, alerts us of the need to examine in depth how AA's in Greece choose the CT.
Discussions -detailed comparison of MCDM methods
Taking in to consideration the results shown in Table 9 relating to pilot project 1, which is a highway project with strict constraints related to time and cost and limited AAs supervision staff, the following conclusions are drawn:
1 It is obvious that the predominant CT that emerges is the ID/T CT as it is the highest ranking alternative in 78% of the trials. According to this CT, the contractor is paid the agreed amount and a bonus if the project is completed earlier than schedule or the contractor pays the AA a penalty if it is completed later than the agreed date. This is expected considering that the most important constraint on this project was the time factor.
3 From the 19 cases that the LSFP CT was ranked as the best CT, 12 are based on Expert A's weights and seven on Expert B's. The importance of this finding is that the weights of each selection criterion play a very important role. More specifically, Expert B, in all methods of weights calculation provided much higher weights to the SC 'criticality of time' than Expert A (28.09% vs. 18.80% Rev. Simos', 43.40% vs. 32.30% AHP and 38.96% vs. 28.99% LINDO). As a result, the CT ID/T, that obviously has a much higher mean and mode rating than any other CT against this SC, obtains a higher rank from Expert B.
For the monumental bridge project (pilot project 2) that had significant unknowns regarding scope, cost and funding, the results of the application of the MCDM methods as depicted in Table 10 show that 1 There is significant variety in the results. This variety is explained by the fact that only three project constraints were defined, i.e., the need to employ a CT that can successfully deal with uncertainty of scope and at the same time ensure a project with high value for money and quality (maximisation of SC 1, 2 and 5 -see Table 6 ). No constraints were defined regarding other SC leaving the judgment of their importance to the decision maker (Experts A and B).
2 The only two CTs that do not emerge as the best choice for pilot project 2 are CPPF (where the contractor's is paid for all his proven costs plus a fixed percentage fee) and the UPM CT ( where the contractor is paid based on measured quantities of predefined work activities for which a unit price has been agreed). It is noteworthy, that these are the most common types of contracts in Greece for public works and nevertheless they did not result in the best choice.
3 The resulting choice of CT in the majority of cases is that of the FPI as it is obtained in 53% of the examined trials. According to this CT, the contractor is paid his actual costs in addition to an agreed upon fee while he guarantees that the total cost to the owner will not exceed maximum amount. In this way the contractor is discouraged from trying to find ways to increase the final construction costs as he will be required to cover them if they exceed the agreed upon maximum amount.
4 The use of mean evaluation values resulted in the choice of the FPI contract regardless of the choice of threshold values enhancing the conclusion that the use of mean values is a more robust choice.
5 The use of mode values resulted in the choice of the LSFP again regardless of the choice of preference thresholds. It must be noted that the both the FPI and the LSFP, guarantee that a maximum cost of the project is not surpassed. It is also noted that there were no differences in the results according to the different criteria weights taken by each expert.
Conclusions
In conclusion, the current research is the first, in depth, analysis of the problem of choosing the best CT for a highway project regarding the contractor's method of compensation. It comprises of a systematic record of the alternative CTs used globally in the construction industry in general and the first attempt of defining an objective and scientific method for choosing the best CT for highway projects according to their characteristics and the AAs needs and preferences. Another significant contribution of this research work is that is that it was oriented towards the investigation and determination of the required SC that should be considered by AAs when deciding on the terms of compensation for highway construction contractors. As a result the research work, draws on the experience gained from 91 expert executives in AA in Greece and abroad, and provides unambiguous evaluation values of each of the seven CT against each of the nine SC for highway projects. In addition the ratings of the most experienced experts from the pool in management of highway project in Greece during the previous 15 years are provided for application in the PROMETHEE GDSS or any other multi criterion group decision making method. It can be seen that the results from the application of the PROMETHEE GDSS are not significantly affected by the method of weight calculation because from Tables 9 and 10 we see that the resulting group decision for CT for project one is in all but one case the ID/T CT while for project 2 in all cases the resulting group decision is the FPI CT. As a result their ratings can be directly implemented by any decision maker when making a choice on most appropriate CT for highway projects in Greece. All they would have to do is to define the weights of each SC according to their project characteristics and their needs.
The application of not only one but four different MCDM methods to a problem that has not been scientifically examined is the most significant contribution of this research work. From the comparison of the four MCDM methods that were applied to the two pilot projects, using the inputs from the results of the questionnaire survey and the specific to the projects decision makers' preferences (weights, preference thresholds), it is deduced that all are practical and applicable. All methods have the dynamic to become decision support systems in order to be applied by AA's for systematically deciding on the most appropriate CT for highway projects. In any case, the use of any MCDM method for the choice of appropriate contract for highway projects can become a tool for the objective verification of relevant decisions which are normally taken based on the experience and habits of each AA.
Interestingly, the findings show that the UPM CT, which is employed in the majority of highway projects in Greece, did not emerge as the prevailing CT to be chosen for either of the pilot projects. Instead, for a common highway project such as pilot project 1, with strict time constraints the ID/T CT prevailed emphasising the need to implement the all ready provided for option in Greek PWL for providing bonuses for earlier completion and penalties for delays. Similarly, while for such a monumental project with significant ambiguity of scope, the choice of CT that would normally be made is that of LSFP and not the FPI that prevailed. For this reason, it is suggested that AAs should be allowed to choose between more CT options, including CPFF, CPI, FPI in addition to the UPM and LSFP CTs, which are utilised by AAs and also the CTs CPPF and ID/T for which there is currently such provision in Greek PWL but are not broadly used for highway projects. This can be achieved in the current PWL in Greece by allowing for new bidding systems that will allow the submission of financial offers, such as offer of a guaranteed maximum price (FPI), offer on fee over and above actual costs (CPFF) and offer on savings sharing fraction (CPIF). In this way it is envisaged that this research can be a starting point for improving objectivity in choice of CT for the construction of highway projects in Greece.
